Classical biological control agents fail to achieve an impact on their hosts for a variety of reasons and an understanding of why they fail can help shape decisions on subsequent 
Introduction
Classical biological control attempts to control weeds that have become invasive using plant-feeding insects or diseases that originate in the plant's natural range (Culliney 2005) .
Most biological control agents that are released become established, but only a proportion of these have any significant impact on their hosts (Julien, and Griffiths 1998; McFadyen 2003) and an understanding of why established species have little impact can help shape decisions on subsequent releases (Myers 2000) . Low-efficacy agents may fail to reach sufficient densities or are otherwise insufficiently damaging to have a significant impact on host plant population dynamics. Reasons given for failure of biological control programs include interference by local natural enemies of agents, poor climate matching and a lack of complementary alternative hosts (Stiling 1993; Rand, Waters, and Shanower 2016) . Alternatively, biological features of potential agents may mean that they are never likely to have a noticeable impact on their host plants (McClay, and Balciunas, 2005) . often synchronized within trees, this usual means that they must fly between trees, which can be tens or even hundreds of kilometers apart (Ahmed, Compton, Butlin, and Gilmartin 2009) that almost never transfer pollen. NPFW exhibit a wide range of trophic relationships, with larvae that feed inside ovules and seeds or in the fig wall. They include gallers, seed predators, secondary gallers, parasitoids (that may also feed on some plant tissue) and specialist hyper-parasitoids (Compton, van Noort, Mcleish, Deeble, and Stone 2009; Chen, Yang, Gu, Compton, and Peng 2013; Wang et al. 2014) . Most of these species will have a negative impact on the reproductive success of fig trees because they kill pollinators and reduce seed numbers (Kerdelhué, and Rasplus, 1996) , and fig ovules may be particularly easy to be eaten because the plant cannot defend them chemically without harming its pollinators (Cook, and Rasplus, 2003) . They can only reproduce sexually if their associated host-specific pollinators are also present, but this has not prevented them from becoming invasive in natural and semi-natural habitats (Stange, and Knight Jr, 1987; McKey 1989 ) is a medium to large sized tree with a wide natural distribution extending from Australia northwards to Japan and westwards to India, found growing as a hemi-epiphytic strangler or free-standing tree in coastal and riparian forests and on cliffs (Berg, and Corner 2005) . F. microcarpa is also widely grown as an avenue tree, both in its native and introduced ranges. Within its natural range, F. microcarpa figs are produced year round, usually in discrete crops, but fewer crops are Waterston, but this taxon may be a complex of closely related species (Sun, Xiao, Cook, Feng, and Huang 2011) . In Yunnan, China there is also an undescribed species of 'cheater' non-pollinating agaonid associated with F. microcarpa (Martinson et al. 2014) F. microcarpa supports a diverse community of NPFW, comprising more than 20 species (Chen, Chuang, and Wu 1999; Wang et al. 2015) , several of which have been introduced outside their natural ranges. Amongst these, O. galili (Pteromalidae, Epichrysomallinae) is now present in the Pacific (Beardsley 1998) , the Americas (Bouček, 1993) , Africa (van Noort,Wang, and Compton 2013) , Europe (Compton 1989; Lo Verde, Porcelli, and Sinacori 1991) (Bouček 1988) . O. galili females lay their eggs into ovules while standing on the outside of the figs at about the time that pollinator females enter the figs to oviposit (Galil, and Copland 1981) . Their larvae develop inside larger galls than pollinator larvae. Sycophila (Eurytomidae) species are NPFW with larvae that develop at the expense of epichrysomallines, including Odontofroggatia (Compton 1993) . These specialist parasitoids have been introduced with O. galili into the USA and Greece (Beardsley, 1998; Wang R, unpublished data) . One Sycophila larva develops inside each ovule galled by O. galili and their numbers were combined in some analyses to estimate pre-parasitism densities of O. galili in the figs. The relationship between O. galili and its host plant's reproductive success was compared on the basis of collections from Sicily, an island in the Mediterranean Sea where F. microcarpa was introduced (Lo Verde, Porcelli, and Sinacori 1991), and several sites in Yunnan Province, south-west China, at and probably beyond the northern limit of the natural distribution of the tree. NPFW in Yunnan are diverse, with around 15 species present, compared with three NPFW species that have been introduced into Sicily, two of which are rare (Wang et al. 2015) . Locations of the Yunnan collection sites, with their altitudes and habitats, are given in Table S1 . The ten Sicilian collections were all made in July 2012 from street trees in Palermo, at an altitude of approximately 29 m. 
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Data analysis
The differences in number of female pollinator offspring and seeds with and without O. galili were determined using a non-parametric Wilcoxon rank sum test. The relationships between O. galili gall numbers and F. microcarpa reproduction were modeled using four zero-inflated generalized linear mixed models (GLMM) with negative binomial errors and log links. Crop effects may be present and we therefore included crop identity as a random effect in all the models. The first two models examined the effects of contained Sycophila spp. were not included in these analyses. Crop identity was again included as a random effect in both models. All analyses were carried out using the statistical software R 3.01 (R Development Core Team 2013).
Results
The distribution of F. microcarpa fig wasps in Yunnan and Sicily
O. galili was the most common fig wasp in collections of F. microcarpa figs from
Kunming, where it was present in six of the seven crops. Only one crop had the pollinator E. verticillata. In contrast, O. galili was rare or absent elsewhere in Yunnan, but the pollinator was common elsewhere (Table S1 ). In those crops where O. galili was present, about 7-100% of the figs were occupied by this species (Table S2) . O. galili was present in nine of the 10 crops sampled in Sicily (n figs per crop = 10), where it was present in 20-100% of the figs of different crops (Table S2 ). The pollinator was present in all 10 of the crops sampled in Sicily. Two more species of NPFW were sometimes present in these figs, but in small numbers, occupying between 0% and 20% of the figs in different crops. (Table S2 ).
Mean densities of O. galili within the figs it occupied ranged from about 5 to over 88 in Yunnan (not including a crop where only one individual was recorded in total, Table S2 ).
The range in densities was lower in Sicily, with crop means ranging between 8 and 54 O. galili per fig (Figure 1 ; Table S2 ).
Only three crops in Yunnan had both O. galili and E. verticillata present (Table S1 ).
Taking these two crops together (not including the crop where only one individual was recorded in total, Table S2 ) mean ± SE = 9.9 ± 4.5 female pollinator offspring were present in figs shared by the two species (n = 46), compared with 45.5 ± 21.9 offspring in the remaining figs sampled from these crops (n = 6; W = 188.5, P < 0.05). The numbers of seeds in the figs shared with O. galili were 4.0 ± 1.65 (n = 46), whereas in figs without O. galili there were 19.83 ± 12.59 seeds (n = 6; W = 151, P = 0.67). In Sicily, the two species co-existed more frequently (9 from 10 crops) and the numbers of female pollinator offspring in figs shared with O. galili were 27.9 ± 3.7 (n = 62) compared with 59.6 ± 5. galili only ( Figure 3B ). There were significant differences in seed and pollinator offspring numbers among crops in both countries.
Sex ratios of O. galili in China and Italy
Sex ratios in O. galili were investigated and were consistently female-biased in Yunnan (Table S2) , with a mean proportion of 0.28 ± 0.02 (SE) males (n = 7485 O. galili from 222 figs). In Sicily most crops also contained female-biased collections, but a male bias was present in two collections (mean proportion males = 0.48 ± 0.03, n = 1911 O.
galili from 62 figs, Table S2 ). The proportion of males decreased significantly with an increase in the number of O. galili sharing a fig in China (z = -3.87, P < 0.001; Figure 4A ).
However, the proportion of males in Italy did not show any significant difference in relation to density (z = -0.55, P = 0.58; Figure 4B ). There were significant differences in sex ratios between crops in both countries.
Discussion
Our results confirm that O. galili has a detectable impact on female (seeds) and male O. galili has a demonstrable impact on the reproductive success of F. microcarpa, but to provide more effective and ecologically significant control it would need to be present at densities where the reproduction is inhibited more completely. This species often achieved high occupancy rates (the proportion of figs where it was recorded) but the densities required to eliminate host plant reproduction were rarely achieved, in either the natural or introduced ranges, even where the galler's Sycophila parasitoids were absent. 
